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M SECOD . Gherlone HIEHFENAF v FI 3RO DN ILnE i H 528 TES
Wé All-on-4 (Nobel Biocare) ffi#&lZ12+ A COBIEDEEILA LT T hDOALFITILHELT-
&A% L UT-, Papaspyridakos &% 3Shape TRIOS FENAF ¥ —THOT IoXZIVHIGREA T
Lyiarya—vr 7 TORRDEGIEDM 7T, 5ODA LT T MM fio T 3R i Sa A 13 A
Yvyvara—ey s %ﬁﬁb\7‘061/‘TIEEEUDEH%i‘/ﬁctU%ﬁ%ﬁ@ﬁﬁﬁ“(&)ot;&%%\éﬁbto
Vandeweghe HIL 6 DDA 7T Mok D FHERTEIITO 4 SO ABENAF v F—I AT
LEFHME LT, 42 50%. 3M True Definition & 3Shape TRIOS 73 Cerec Omnicam & Lava COS k0
%ME&\ EEFRALI, BED 2 SDOBFRIZEWNT, ﬁm""ﬁ“(@4/77/l\5ﬂ%@nﬁﬁ =N
Bﬁmémﬂ\to ZLTC AT T NIFR IO RIBAFFO B BRI AT

?‘/1\?%*@%‘%@ DR T VA EHETHIET, THOA NI A E\Ulljﬂ _ii)\ézh?lo
WIHFIEIZ 31T DA 7T FHIBEBE I Z o ZD LI RS TV, 7R TS5 D RS

XA T AZEZEBL., LTI AINIZA T TURERDTHA), bLEELT-A 7Tk
DENEND APENAF v T — D[R ES N BRI L > THREOINAZEN TEI R BIX, 2D
IR R IEfE7R 7 M A~EHRE R A RO TELDH LR,

TIUBNA LT T NIRD EMEMEZ OV TOHIBNIRNHEEREE THD, ZLOMRITTVF
IVENERDA LT T NHIGRED I CEE R AT /2> T2 o T2 (A EN AT v —F 713t
B THAR v I —) , WFZERI O LI — 2 TR & FIERR DT AT HZEIELTE
7o T, BRI T HHFSEIC AR T AREEII A 7T M ERBE DO T D K AN TH -7, &5
2, BMHTICRT T 2 EHRE OEEEZFIH LI ZLOMEIET P2V bSic v AZ—F T LT
1372 M) 7e~ A —F T N FFOT AN U B YT, =T —%28 75 L7, (6o T,
AWFZED B IE S SRR BT 2RO R A 77 U N BEBE TR LT, 7Y #LH]
G AT A (AENAF v F—F 3B THAS v —) oGz 7T Ry vay
D ZIRTTHIIEFENE ERERIE TOEIR U AT A BELNT-ZEZ T 5L THD,

MEERE
PERDOHNGAEL, OVENAR v — R THAX Y —D0072% 6 DO AT LINEE
STz B AT LOBEMITIRLICTELO DI, EBRIZAI X 1SR,

|
[ ]
Master model A Master model B
(6 implants) (8 implants)
| 1
[ | [ ]
Direct acquisition Conventional Direct acquisition Conventional
digital scanning with impression digital scanning with impression

intraoral scanners (Impregum n = 5) intraoral scanners (Impregum n = 5)

I

Lab scanning on stone models
using dental laboratory scanners

[

|

I

Lab scanning on stone models
using dental laboratory scanners

True

Ceramill

True

Ceramill

TRIOS || pefinition | | Mapaoo || MEOS X5 TRIOS | | pefinition | | Map40o || MECS XS
n=5 n=5 n=5% n=5 n=5 n=5
n=5 n=5 n=5 n=5
Fig 1 Experimental outline, with six tested systems.
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Table 1 Features of Test Groups
Conventional Digital (intraoral scanner) Digital (dental laboratory scanner)
Impregum, True Ceramill
PentaSoft TRIOS® Definition®® Map40012:12 inEos X5%3 D9004
Category (3M ESPE) (3Shape) (3M ESPE) (Amann Girrbach) (Sirona) (3Shape)
Material/technology
Polyether Optical Active Strip light projection  Strip light projection Triangulation using
sectioning wavefront with blue light 4 X 5 megapixel
sampling cameras and blue
LED
Impression coping/scan body
RC impression Core Core Range three Kit b inPost Scan Body Core Scanbody
post Scanbody Scanbody Scan Body (792322) (6551639) on (2077)
(025.4202) (2077) (2077) with screw (792341) 2-CONnect abutment
(L 810 M)
Straumann Core3D Core3D Amann Girrbach Sirona Core3D Centres
Centres Centres

Need powder?

No No Yes No No No
Registers color?

No Yes No No No Yes
Manufacturer-specified accuracy

NA Not specified Not specified 20 um 12 ym 15 um

NA = not applicable.

YRE—ETIL DR

RN A L T T M RIFRII R T DR RIR I 2R L 72 — >0 FFRERH~ A —FT L
(X2) DIIMEAEE SNTZARY AZ 7V VR AT L (PMMA) TYERLE#172(Lucitone 199 Denture Base
Resin, Dentsply),

Fig 2 (a) Schematic of master model
A with six implants (I, J, K, L, M, N). (b)
Schematic of master model B with eight
implants (P, Q. R, S, T, U, V. W). L I, lIl =
silicon nitride ball bearings. Local coordi-
nate system axes orientation with origin
at centroid of implant | in model A and
implant P in model B, respectively. X-axis
is defined as | to N centroids and P to W
centroids, respectively.

Y AZ—ET IV AT 20 mDA 7T N FEREEZ RO F ST o THASZ 6 DD/RT
LAY T Z7 ML K LMN) ThHD, ~AZ—E7 /L B 134 13 mmf&jﬁb“(iiléﬂt 8 DDA
7728 (P,Q,R,S,T,U,V,W) THD,

FEHEINT-A 7T ME PMMA CEESIU72HEE 9 mmd Straumann Bone Level implants RC
(021.6412, 4.8 mmD and 12.0 mmL, Straumann) Cé o7, RV =— /L a2 (PVS) F1Z& 4
(Aquasil Ultra LV, Dentsply Caulk)iZ&A > 77 O w8 3 mm)& FHD A 77 2 & BT R
ZRELT,

1 135 A —HHEELTZ 0.2 1 m OERFE CEA 8 mmD53BPED (T A AR — LTV
7T TIRELT, ZNODOR—NA_XT VT O =R ITTHR IR FE A 8L | v AX —F T /L3
SHELEMERSTZEETH T EWVIZEEHEITT DI DE=F—L L TSN, £~ A
F—FTIUIHAZ LT NI=0 L7 0y 272 PMMA CTREESIZ, ZO7 0y 7 OO i
AL DA Ty ar M= L CY 7 =T 4V ARy FELTHOW BT (Tray Resin 11,
Shofu) . 7NV =0 L7 vyt ZRITCIIER (CMM) DU —27 7 —T /W~ AL —F T /L Z [ E
T AHZEAFBhTL7=(Global Silver Performance 7.10.7, Brown and Sharpe), ~AX —E&7 /L1328
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A DRI TENLEL T LRI T D720 5Ept4E 30 H H 20°C TRIFSIIZ,

HEDODHETR L ETILOIER

Pentamix Automatic Mixing Unit >SS 5 DORV=—T VEIRII A T L yrara—E
> 702 15Nem DMV IEDNT A —T VR —HIRT 7=y 7 Il 8o TH Y AZ—ET L2 Fls
Nl A7 byara—be 7T 7aATHEY  XZ—2 1V (GC Pattern Resin LS, GC
CorplZ THEE BIFR A FLek LT, A IS DR EL e/ NRIZT 572 HA T Lyiara—y
YT DR =V DRI RN TORE S, 520 O R BR D B & B 2 | e /N T
1T, HFHROWMEIZBWT, /7787127 (Bone Level Implant Analog, 025.4101,
Straumann)iEA > 7 Ly ara— IO, AT TN T u s EEE LS TS
ETHIRM O OA T Liara—Er 7 OEERLRWIIIER LI, 247 VO W R B
(Silky Rock, Whip Mix)IZA— A —HELED MR THEH L, ABZEN I, —FEHZICESIL,
AEBIED BT 572012077 HE20°C TRE SN,

AExvY=UJFIE

SHEAT DAX XK T =DMl &I, TRIOS, True Definition, D900 M7 ANEIZEIT DAL
T NRY g T ORI &L= Core3D AF+ 7R T ((Core Scanbody, 2077,
Core3D Centres)%Zfifi 452 & TEGRSIT=, Ceramill Map400 @7 ARfIX Range three Kit b
AX¥ R T 4(792322, Amann Girrbach)EFE{EIL 7= Range three Kit a/b screws (792341, Amann
Girrbach)ZF| L7z, T AMED inEos X5 1AL 7T b7 a7 | Zi3iA £107-[E & S 7-fiifk
LXK T 2-CONnect 773y hALRET /Sy RARE TR O I AL inPost AF ¥ RT 1
(inPost for 2-CONnect KS61, 6551639, Sirona)2>HAf RS 728 — A THLANL Thi, FIHE T,

WREEIRAR v+ —

HEHE THAS Y= AT AT D8 A% Y AT 1% Impregum DOHERFIR NSV
FAEEANDALTZ T F 271 10Nem CTHEESIL, BABHRROE TAF Y 133 DOH
ﬁl‘%ﬁI%XﬁF’V’f HERT 22 Tirhhiz, BINDOAF v Tb LR IO AT v BAR 45 E
EZONTEHE . AE LOBEOBEICHESN,

OFERNR v+ —

KRB —FT VD 5 DD APENAF ¥ F—1F10Nem ML THREISNIZAX v R T A122EL
AT AFENAF ¥ F —3 25 A(TRIOS and True Definition)Z4# fi 4252 & T1Tb L7,
True Definition {%/3% 4 —27"L-—(3M High Resolution Scanning Spray, 3M ESPE)O)@E &0
LT AZENE, TRIOS AX YU NIV AR —FT )LD/ S Z — 1B Y a4 A7 DI I T
2o 2 DO APENAF YT — AT KIEHE D ZZLIA TR LTI H DR HLT20 | 45K
R ICHT DAYy FIEEAHEIRL T, LLANS . 2D AE v HiEILE— D A%+
VRT A% O MR B E IR L T T RIS E1E 72 A — LI R 51 SR B
ERRTDHILIIRD, TOTDFEA—A—LHEL | AR SNIAX X TIETIEDOREDO T T
wHINTZ, 1/4TOR ‘ﬂjxﬂ?k‘/tﬁ‘ﬁ‘*‘ms‘%;@437\#?;/5“50 K 2% BT AR
DEOIZHTHE I HETe /T, - D F RO F R TLoMDEAF Y ST, ML TV 2
@%iﬁxﬁk/ff4®mﬁx%y/@%’ﬁgmé
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TAMETILERRA—FETILO CMM BIE(E

AT TR a2 pm O A= —4RE T, HIEDIEMNEZD D CMM (Z R JeH ER) 12
Ko Tz, Impregum OUEREIZRNLELIZ 10 [HOABHRALL 2 DO~ AKX —FT /L)
SR T MAZKIL T, 77— 713 1.0mDELD CMM NRTHEO LNV E —R—
NEHZZ > TITHH, 20. 0 mmoD > 7 £ &(Renishaw Ple) ANAIE Y 15 0O AT JEAE 32 DI 5y %
A[REIZ L7z, 3D, CMM §H&E52Y 7 v =7 (PC-DMIS CAD++ Version 2013 MR1, Wilcox
Associates)IZZIVH DM E EYE S E DM LRI XA LT-, OIENAT Yy —LH B T
HAAF YT —DT AMENSD/N—F X )LET JVIEIE Y TN 2T /38— 7 s STL 774
NWEELIESIL, R CMM FHESSY 7Ry =T ~EA &Nz, 2Tl N—F v /L7 a—7 DO
il A3 BRE T L ERIERIC IR U 5 I TEL LT,

VAR =T NDAL T TN A BRI DAL TSN F et L T A TN T
ST A —ME—PREEFRTIHOD6EDTa— L 2> THESNAS— 7T, WHHEE
IR TEFRETHOIZ2L L TLI0ED T a—E U Z I ko> THIESIV-, BOIZNH#E0
HRULEh & B i E O R O Bl a2 T A 2 L lc ko TR a7z (1M3)

Scan-body central axis

Scan-body top
platform plane

Distance between planes
= scan-body height

Implant centroid

Implant platform
plane

Implant internal
cone

Implant central axis

Fig 3 (a) Implant centroid was defined by constructing a pierce point between the central axis of the virtual scan body/implant inter-
nal cone and the implant platform plane. (b) Scan-body cylinder (TRIOS, True Definition, inEos X5, D900) or cone (Ceramill Map400)
was defined by eight virtual probe hits at two levels. (c) Scan-body top plane was defined by four virtual probe hits. (d) Virtual scan
body with measured features.

IN—F X )VETNAL T TN LT N—F Y VAR VR T A DT TR — LD 71
THEEFRZT DO 4 HONR—F L7 a—E 71 k> THIESNTZ, HEAXY R T Dl
DERSIEFFE(TRIOS, True Definition, inEos X5 and D900)£7- 13 [ #fE(Ceramill Map400)% & %
TAHEDIZ2L LT 8 HDNSA—F ¥ L Fa— o 72> TRIESZ, CMM JIIEIZ Core3D,
Amann Girrbach,& Sirona 235D 3 DD AF YL RT LI LT, 4 H EORT Y RT 4 OE ST
FIZEAL 10. 00, 10. 40, 12. 18 mTH ST 2R LT, N—F XY /L DAL 7T NE T AF
Yo RT ADOMFEFTNIHHED P LI E AT YR T 4D LEEHE TR DM Z E w95
LTRSS DEE L TEFBES N, (X3)

BT PRI =T — DO RESZ /M T H72DIZ3EHIES N, CMM Y7 7 =7 OFF
WIEVERE 2 952 COMGEMERII A HER ITTh i, 2 TOYE TR %] 71
R RT T 2 RMEIL 6 pm TRy hSHL, — 5 C, AR 2RI 23F AL 20 u m
W2y b, (RIEBET VIZB T DI EWIFRRT STL 77 AT bt 4 OREO R

B4 » SO fiE RIS O TR B MR T - 1 A — R 97,
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HAEARE I 2D o7, RIS IR D 3> D B LD =R eI 72 IR G
SN, FFRESNDIMZERF T FRR R L S —F 3 LRI Ol 5 CT10 pm 2By ST,
BHELA DT AR N’ T 7134 7T 8 1 K, N Ik TERENS XY FEHE CHR S

Do AT TR ENIZESTEMREINDDIE X BHTHY, B— DIV RD ST A 7T ]
DELEIZE > THRESINZ, R B DT IA A ey T 134 7/F P, S\ WIiZX-oTH
RS D XY EH TSN D, A 7T P W IZE> TIERSNADIE X B THY, m— AL
JEFE A DR NI A L T T P OELEBICE > THRESNS (X2),

Fig 2 (a) Schematic of master model
A with six implants (I, J, K, L, M, N). (b)
Schematic of master model B with eight
implants (P, Q, R, S, T, U, V, W). I, IIl, Il =
silicon nitride ball bearings. Local coordi-
nate system axes orientation with origin
at centroid of implant | in model A and
implant P in model B, respectively. X-axis
is defined as | to N centroids and P to W
centroids, respectively.

ERINTA—2—

EAEII~AF —FT NETANET L ED M TIRTTIEIEEIZ BT 5 1E VAR R T 52 THE

B, 3 SOEMEF(x, dy, d2)iFZHh2H x fill, y i, 2 $m W TEETRTIET, £4
YT TUNTEE S, RIRDOEFETE (dR) 1TAF dg = \/(dX2+dy2+dzz) IZEoTEEIND,

x Bl vy #HZOWTENENELZD 2 DDOEEAELEF(Absddx and AbsdOy)IFFHE L=,
AbsdOx [ IR A EDEFENBL, — 5T, AbsdBy IZNIMAIADEE KT 5,

TANET WAZBIT AL 7T N D3R T FEHEFRRE (A R) X3RSt YERRBE D 25T
BEL 2D DAL —FT I BITDA T T MR E RSN,

ETIVA LB EOMOLEZEFREICT D722, ET LV A L B ORAL T T MILE DM AE
HOEIFEV Y THENE(R2),

Table 2 Homologous Implant Location Pairs

Homologous implant location pairs (Model A <> Model B) Rationale

JeQ Implant in right premolar region
J+«*R Implant in right premolar region

K« S Most anterior, right implant location
LT Most anterior, left implant location
M « Implant in left premolar region
MeV Implant in left premolar region

N «» Direct cross-arch implant location

TNEN6EZIL8 DAL T T MET MK L CLLENZEEIR L TWA I, R AEIL dx,
dy, dz, dy, AbsdOx, AbsdBy, AR Th-o7c, —IThLiE 7L (ANOVA) &7 2 —F—D HSD
REIFAL T T MDALEIZE ST, ET V(A F20X B) DZNENDAL 7 F 2 M RBEZ 381
% 6 DOHIGY AT MMIHOWTOIZE STz, BET VOGO EAL 77 MLIEDH
DMLY TVt BREITXET L A & B ZHT 572012 T, AEZEITZa =050~
THEINT, WESNTEEROERRZITIEHR L AT LD EE RS 5, £ COMH
BT 7 Ny =7 & 952 & TYiTio417= (SPSS Statistics v21.0, IBM)
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EF )L A & B DOREIFH DI

BREETE (dy) EIRIERD =R ITIE

BRI (dx, dy, dz)) 13F£3E5£4.

AL5TREND, ET/VA DOV AR 1L 8. 7283 um M5 731.7£62.3 u m DIE ThH-72, E
TV B D) d 1% 16.39 pm 75 620.21E63.2 u m DIFE Th o7z,

Table 3 Model A Global Linear, Absolute Angular, and 3D Reference Distance Distortions

Impregum TRIOS True Definition Ceramill Map400 inEos X5 D900
Mean dg, pm (SD)
| 0.0 (0) 0.0 (0) 0 (0) 0.0 (0) 0.0 (0) 0.0 (0)
J 10.9 (5.0) 172.5 (74.2) 291 6 (79.8) 52.8 (25.3) 25.4 (8.6) 62.3 (14.4)
K 15.6 (6.6) 153.6 (40.7) 482.6 (93.1) 49.9 (13.1) 54.2 (45.5) 53.9(9.1)
L 24.6 (10.2) 143.4 (70.7) 716.6 (116.0) 49.8 (20.3) 53.3 (14.5) 59.5 (11.5)
M 24.4 (9.6) 100.0 (57.9) 731.7 (62.3) 42.5 (12.7) 43.9 (13.9) 87.2(31.1)
N 20.1 (9.3) 36.3 (28.6) 677.1 (50.3) 8.7 (8.3) 35.0 (19.2) 59.8 (40.0)
Mean Absdf,, deg (SD)
| -0.273 (0.069) -0.676 (0.338) -0.875 (0.866) -0.827 (0.185) -0.618 (0.071) -0.537 (0.269)
J -0.035 (0.163) 0.021 (0.205) -0.037 (0.520) -0.359 (0.078) -0.129 (0.154) -0.150 (0.175)
K -0.096 (0.133) -2.189 (0.453) -2.249 (1.100) -2.349 (0.166) -1.620 (0.539) -1.944 (0.671)
L 0.153 (0.133) -0.096 (0.241) -0.243 (0.684) -0.073 (0.074) 0.054 (0.039) -0.159 (0.130)
M 0.276 (0.250) 0.306 (0.106) -0.063 (0.414) -0.036 (0.305) 0.224 (0.081) -0.437 (0.606)
N 0.151 (0.399) -0.313 (0.374) -0.437 (1.302) —-0.757 (0.240) -0.350 (0.319) -0.269 (0.358)
Mean Absdb,, deg (SD)
| -0.089 (0.069) 0.215 (0.292) 0.469 (0.320) 0.611 (0.351) 0.533 (0.133) 0.295 (0.208)
J -0.075 (0.127) -0.141 (0.304) -0.219 (0.272) -0.229 (0.302) -0.233 (0.071) -0.222(0.051)
K -0.039 (0.082) -0.932(0.290) -0.715 (0.360) -0.774 (0.180) -0.537 (0.158) -0.347 (0.187)
L 0.138 (0.135) 0.136 (0.241) -0.143 (0.245) 0.125 (0.098) 0.064 (0.059) 0.220 (0.349)
M 0.322 (0.106) 0.186 (0.072) -0.304 (0.346) 0.031 (0.266) 0.106 (0.127) 0.472 (0.362)
N 0.061 (0.151) 0.110 (0.201) -0.155 (0.257) 0.307 (0.116) -0.002 (0.160) 0.446 (0.462)
Mean AR, pm (SD)
I 1.9 (10.3) 166.8 (78.0) -267.5 (85.4) 28.9 (36.1) 11.1 (9.3) -12.3 (37.0)
I-K 11.1 (12.6) 119.0 (61.4) -480.9 (92.9) 29.5 (32.9) 25.4 (10.8) 2.7 (32.6)
I-L 22.0 (12.2) 71.2 (107.8) -703.9 (121.1) 35.8 (31.9) 45.4 (20.2) -6.4 (39.1)
I-M 23.4 (9.5) 26.4 (39.6) -709.2 (66.8) 30.5 (24.6) 40.1 (15.1) -49.8 (23.1)
I-N 20.1 (9.3) 13.3 (47.4) -677.1 (50.3) -4.8 (11.6) 35.0 (19.2) -59.8 (40.0)
5 - SCH - 1 BT DUV TR MR - e —UIEE U £,
Copyright (C) 5-D Japan All Rights Reserved. 7118



(éb 5-D Japan

Pursuing cxeellence in dentistry

X #& &

Table 4 Model B Global Linear, Absolute Angular, and 3D Reference Distance Distortions

Impregum TRIOS True Definition Ceramill Map400 inEos X5 D900
Mean dg, uym (SD)
P 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0)
Q 16.3 (9.0) 40.2 (19.4) 160.9 (20.1) 48.9 (7.3) 23.4(9.9) 68.7 (27.6)
R 19.1 (9.8) 40.8 (36.3) 369.1 (64.5) 30.2 (7.4) 31.0(5.7) 62.7 (35.3)
) 27.3 (10.6) 73.5(35.9) 464.8 (100.0) 36.2 (13.5) 48.0 (9.9) 46.1 (25.3)
T 35.3 (8.4) 148.0 (35.4) 611.1 (85.2) 56.1 (15.8) 60.3 (15.0) 65.6 (23.9)
u 39.3(5.8) 75.3 (31.7) 620.2 (63.2) 46.3 (14.7) 65.4 (10.7) 47.1 (27.9)
\ 34.8 (2.5) 110.4 (86.6) 582.1 (61.5) 37.4 (21.5) 64.7 (4.7) 53.0 (42.8)
w 35.5(9.2) 59.9 (47.9) 567.8 (30.5) 32.3(25.7) 66.4 (5.9) 73.4 (24.0)
Mean Absd®,, deg (SD)
P -0.151 (0.142) 0.532 (0.326) 0.511 (0.379) 0.596 (0.141) 0.136 (0.170) 0.140 (0.371)
Q 0.022 (0.239) -0.112 (0.214) 0.021 (0.157) -0.153 (0.187) -0.034 (0.031) 0.226 (0.314)
R 0.205 (0.147) 0.432 (0.305) 0.130 (0.303) 0.226 (0.261) 0.134 (0.276) 0.306 (0.261)
S -0.243 (0.417) -0.476 (0.252) -0.688 (0.574) -0.459 (0.222) -0.349 (0.105) -0.312(0.321)
T -0.038 (0.269) 0.330 (0.340) 0.335 (0.242) 0.329 (0.112) 0.160 (0.054) 0.041 (0.123)
u 0.233(0.112) -0.361(0.313) -0.135 (0.304) -0.109 (0.146) -0.032 (0.067) -0.146 (0.130)
v -0.110 (0.130) -0.108(0.293) -0.260 (0.183) 0.069 (0.137) -0.182 (0.046) -0.227 (0.075)
w -0.007 (0.076) 0.232 (0.164) 0.226 (0.162) 0.448 (0.141) 0.224 (0.101) 0.161 (0.071)
Mean Absd6,, deg (SD)
P -0.091 (0.116) 0.150 (0.188) 0.185 (0.451) 0.284 (0.244) -0.018 (0.048) -0.153 (0.342)
Q 0.162 (0.091) 0.255 (0.055) 0.144 (0.178) 0.484 (0.123) 0.328 (0.022) 0.196 (0.447)
R -0.066 (0.102) 0.377 (0.081) 0.706 (0.547) 0.706 (0.141) 0.136 (0.252) 0.387 (0.104)
S -0.084 (0.129) -0.812(0.330) -1.052(0.297) -0.795 (0.112) -0.526 (0.139) -0.376 (0.175)
T 0.067 (0.152) 0.117 (0.141) 0.145 (0.068) 0.435 (0.104) 0.154 (0.180) 0.155 (0.200)
u 0.267 (0.605) 0.161 (0.107) 0.083 (0.150) 0.493 (0.176) 0.178 (0.068) 0.043 (0.109)
\' -0.053 (0.100) 0.333 (0.314) 0.134 (0.288) 0.632 (0.187) 0.180 (0.084) 0.207 (0.149)
w 0.080 (0.146) -0.714 (0.315) -0.784 (0.340) -0.839 (0.296) -0.877 (0.381) -0.707 (0.240)
Mean AR, pm (SD)
P-Q 6.0 (2.3) 12.6 (17.2) -151.1 (32.8) 22.6 (10.3) 14.6 (7.5) -34.7 (28.8)
P-R 8.6 (8.5) -9.1 (28.9) -365.3 (68.7) 9.8 (15.7) 276 (9.1) -16.8 (40.6)
P-S 16.9 (9.5) 28.7 (69.0) -463.4 (99.9) 29.1 (10.9) 42.2 (14.0) -4.2 (26.3)
P-T 28.6 (11.6) 38.8 (126.6) -596.4 (90.3) 50.2 (20.9) 57.3 (16.1) 9.4 (28.9)
P-U 31.2 (11.2) 33.3 (41.6) -602.5 (70.0) 37.8 (20.9) 62.6 (12.2) 9.5 (45.9)
P-v 30.5(5.9) 69.8 (109.2) -574.2 (63.0) 23.4 (31.0) 62.3 (5.1) 23.9 (61.6)
P-W 35.5 (9.2) 50.1 (60.4) -567.8 (30.5) 28.8 (30.4) 66.4 (5.9) -22.2 (81.8)
800+ 800+
6004 600
E 4004 g 400
w v
S 2001 S 2007
8 e
- 0 % 0- Q&
= -200 = 200
2 z
= -400 § -400+
= Impregum =TRIOS = Impregum = TRIOS
-600 - Ceramill Map400 - True Definition -6001 - Ceramill Map400 = True Definition
= inEos X5 - D900 = inEos X5 - D900
-800 Trrrrrte Tr1rrrrT B LR TrrTrTT -800 TTrTTrrrrT Trrrrrrr Trrrrrrryrrrrrrrrr
I JKLMN [JKLMN |JKLMN |JKLMN PQRSTUVW PQRSTUVW PQRSTUVW PQRSTUVW
dx dy dz dR dx dy dz dR

Fig 4 Model A linear distortions (um) by implant location.

B4 » SO fiE RIS O TR B MR T - 1 A — R 97,
Copyright (C) 5-D Japan All Rights Reserved.

Fig5

Model B linear distortions (um) by implant location.
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Pursuing cxeellence in dentistry
X #R & N
— N R W, - .
ET VA LB Ot A DOZER(Absddx & AbsdOy)IZX6E7, £K3LAITRIND,
%7: 1.0 @ 1.0
a2 05 a3 05
g8 0 g8 O
§E -0.5 ES -0.5
|7, - [ 7/ -
3 S 1(5) = Impregum =TRIOS 3 ° 1(5) = Impregum = TRIOS
22 - Ceramill Map400  — True Definition 22 - Ceramill Map400 = True Definition
2 ;g - inEos X5 - D900 2 ;g - inEos X5 - D900
"1 JKLMN I JKLMN " PQRSTUVW PQRSTUVW
Absd6, Absdf, Absdb, Absdb,

Fig 7 Model B absolute angular distortions (deg) by implant

Fig 6 Model A absolute angular distortions (deg) by implant
location.

location.

E7 /L A D) AbsdOx 130.021 £ 0.205 235-2.349 £ 0.166 DIETHY, — 5T, FHJ Absdby
19-0.002 £ 0.160 2°5-0.932 + 0.290 OIFETH -7, E7T /L B O Absdbx 13-0.007+ 0.076
75—0.688 + 0.574 DIE THY,— 57 T AbsdBy 13-0.018 + 0.048 7>5H—1.052 £ 0.297 OIFT

%Of:o

— — N, — N e SIPA = - —
ET VA LB O =R uEEEREEZ I (AR) IXH8LIITREND,
§ %88 = Impregum g %88 = Impregum
2= - Ceramill Map400 = - Ceramill Map400
2E % S E :
= 108 - inEos X5 o3 108 — S - inFos X5
53 -100 -TRIOS e = :%88 =TRIOS
35 :%88 ~ True Definition E = 1300 - True Definition
& 290 - D900 =24 - D900
8 5 200 & 78300
= 2700 @ 3 2700
2 -800-— - - . : 8° 80— T———
2 ) KK L M kN 2 PQ PR PS PT PU PV PW
AR AR

Fig 8 Model A 3D reference distance distortions (pm). Fig 9 Model B 3D reference distance distortions (um).

T =2 TIEFEDE DMEFR DT O DLy 4 L 7 REICE T I3RS, T PERR
SN ole, HIRV AT M LD —Ju Bl & 2 o ik (ANOVA) 1T R LS D& THA 75
YMEBICHTHETLALB O T Td & ARDT ANMEDH DA E %A LM LT, AbsdOx
IZXL T, TANMEDOB OB BEITZET NV BIZBITIAA(7F8P, T, U, W ERIERIZET L A
IZBITEA 7T K M TROBIZ, AbsdBy IZXL T, TAMEDH DA EZIZTETT /L B IC
BWTATZURR,S,T,V,W EFEIFEIZET L A IZBWTAL 7T LKM,N TR LN, #
5L61X T — Tl E A H T (ANOVA) & Tukey HSD D AL 7=,

PG« SO - U DWW TR ISl - 2 — AU %9,

Copyright (C) 5-D Japan All Rights Reserved. 9/18
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Table 5 Summary of One-Way ANOVA and Tukey HSD for Global Linear and Absolute Angular

Distortions, by Implant Location

Statistical significant subsets

Variable/model/
implant location P value Impregum TRIOS True Definition Ceramill Map400 inEos X5 D900
dp
Model A
| .000 - - - - - -
J .000 a b c a a
K .000 a b c a a
L .000 a b c ab ab ab
M .000 a a b a a
N .000 a a b a
Model B
P .000 - - - - - -
Q .000 a ab [ ab a b
R .000 a a b a a a
S .000 a a b a a a
T .000 a b c a a a
u .000 a a b a a a
\" .000 a a b a a a
w .000 a a b a a a
Absd6,
Model A
| .243 a a a a a a
J .265 a a a a a a
K .000 b a a a a a
L .392 a a a a a a
M 018 b b ah ab ab a
N 372 a a a a a a
Model B
P .001 a b b b ab ab
Q .109 a a a a a a
R 471 a a a a a a
S 426 a a a a a a
T .034 a a a a a a
U .005 b a ab ab ab ab
A .054 ab ab a b ab ab
w .000 a ah ah b ab a
Absdé,
Model A
| .002 a ab b b ab
J .812 a a a a a
K .000 c a ab ab ab bec
L .168 a a a a a a
M .001 b b a ab ab b
N .013 ab ab a ab ab b
Model B
P .105 a a a a a
Q 31 a a a a a
R .000 a ab b b ab
S .000 d ab a abc bc cd
T 010 a a a b ab ab
U A61 a a a a a a
Vv .001 a ab a b a
w .000 b a a a a

Letters indicate specific implant locations as defined in Fig 2.

B4 » SO fiE RIS O TR B MR T - 1 A — R 97,
Copyright (C) 5-D Japan All Rights Reserved. 10 / 18
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X #R & N
Variable/model/ Statistical significant subsets
implant location P value Impregum TRIOS True Definition Ceramill Map400 inEos X5 D900
AR
Model A
I-J .000 b c a b b b
I-K .000 b c a b b b
I-L .000 b b a b b b
I-M .000 c c a c g b
I-N .000 c c a bc c b
Model B
P-Q .000 c () a c ] b
P-R .000 b b a b b b
P-S .000 b b a b b b
P-T .000 b b a b b b
P-U .000 b b a b b b
P-v .000 b b a b b b
P-w .000 b b a b b b

Letters indicate specific implant location pairings to define the reference distances (see Fig 2).

EF)L AvsB ICBIT A RDE AL 7T MEE DR D dR DNV TV t BiEIX T ANED

Impregum, TRIOS, True Definition,inEos X5

IZRILT 7T DDOEZLNDAEDENS 2~4 D

DHEBIMADFEEZHLINCUTZ (BT, dg 13110225150 pm DZE T HENAS ¥ —I2kf
1% Impregum & inEos X5 XL CTET IV A LDET
JL B TRORED 7728, 32, um ﬂ%Y?E@J:'O/J\éb\%BIT&)OKO AT T NIRRT —E L

LTET VB IVET VA TREDST, dg

J715C AbsdOx F7-1% AbsdOy |

7 E/ 3
.72

Z RIFE T2 =T (RT),

Table 7 Summary of Independent Samples t Test for Homologous Implant Location Pairs Between

Models A and B

Homologous dg Absd6, Absd6,

implant location

pairs (A <> B) A>B B>A A>B B>A A>B B>A

JoQ TRIOS TRIOS Impregum

True Definition True Definition

J<«*R TRIOS TRIOS inEos X5

K<« S

sl True Definition

M« U True Definition Impregum True Definition
inEos X5 D900

MV True Definition Impregum True Definition True Definition  inEos X5
inEos X5 D900

N« W True Definition Impregum True Definition Impregum
inEos X5 Ceramill Map400 True Definition

inEos X5 inEos X5

Significantly different test groups listed.

PG« SO - U DWW TR ISl - 2 — AU %9,

Copyright (C) 5-D Japan All Rights Reserved.
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X &R & N

% =

AT TURDHIR Y AT ML 3 DD T N —T I KRELSFEEND,
(1) fEkREOHIR
(2) AENAX Y —TDT VX VEI5
(3) R THT XL AF v+ —TOHIS
— A, APERNAR Yy —2 R LTV AT A i75%€@7+ AT TWDIDNZHBIAD,
ZHUE R FDOFEHFNZIB T, True Definition (XL CTO LA BEIZELT-, ZHHOMHEAIIT6-DA
TIUNET VA E 8 ODAL T TN (ET L B) O)EE%O)ﬁﬁji T,

BERER

RITETOEBEZIZK LT True Definition D72V FINST p—~ 0 AR LT, LD
True Definition 2R3 ABLBRIENE RIZET VA LB O FIZxT5x &y HRIZBITA—E
LT~ A T ARERER ThoT-, ~ATAD dx & dy 1ZENENAR—F AR OT —F D E
SEMEIZBIT D WM Zn LTz, ZL T, J0/hsWTI L — AU — 7 DRUWEIZE DT EINTED,

EELTAELR

FIRV AT MIEERAEEIC B LTI/ ENDLIEILTER DT, AT AD
AbsdOx fEIX O ZE H A>T % T ~DA LT T hOEZE R L, AT AD AbsdOy 1XHEE
DOFEPNZ DS TeA T T OEEZRT (X]2a & b)),

Fig 2 (a) Schematic of master model
z A with six implants (I, J, K, L, M, N). (b)

B Schematic of master model B with eight
implants (P, Q, R, S, T, U, V, W). L I, Il =
silicon nitride ball bearings. Local coordi-
nate system axes orientation with origin
at centroid of implant | in model A and
implant P in model B, respectively. X-axis
is defined as | to N centroids and P to W
centroids, respectively.

Impregum ZBRV\N T, Ixb RERFEEAELFRITET IV B DAL TTUR S FRT W EET LA
DAL T T b K THAITE D ENBIESNT, 177K ESITENLOLR A (1 F=
% PUCBIL TR EIZEASIL, —F T A 7T W &N TSNS RZ IR C UL ES
N0 F721% P), AR I ASNI AL T T "Bk T D720 T AN AT KA
T DORREIIT S S AU DB, fich K& A OB K- TR BSOS
SBOBEDe N2 D, LLERNRG, ZIUIFEHFIIICA BIZEL e -T,

=RTHIEEEMOLER

BIROBEMREF(,) @ﬂiﬁ%f; ST IEME %%%Hj?‘ L7235 T, KR AR T54
DAV 7/1\44% (ET/VAIZBITAD I EET VB IZEBITS P) OO = ﬁmﬁﬁﬁéﬁﬁﬁ%ﬁ@ﬁ
FE(AR 1L R (21T D A 1 EZ) N LYt oY A éms

MRIIe “CUD ﬁjﬁﬁﬁﬁﬁﬁﬁﬁﬁ@wﬁ/ 12X L C., True Definition D320 RA|-4370/37 p—~
YV AREIR LT, — B Lo~ AT AT IR ST R YERR B O 2 T A iuﬁﬁ RRENE~ AT ADE
n‘?’fﬂﬁ/(dx L dy) &—E L7z, True Definition 23M¥ F S3U7Z BRI, ZAUT =T % /LT T )L DULHE
LVOFERRERY . ZOERITET L B IZBWT-151 225602 u m, E7 /L A [TV T-268 235
—709 pm EVIOIETHT,

D900 (XU DD FEHERREEIZ 5B~ AT A7e Z R e 72 BB O B I R T a2 R
L7z LU, BIEOKREXIIET VB IZBW T4 735-35 um, ET /L A 2BV T-60 7>H+3

B4 » SO fiE RIS O TR B MR T - 1 A — R 97,
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X #R & N
m DOEED AR THO7RVE -T2, fERELTAELDET VOJERE RN THR Y T 7 7offa %
FFOLEIE T, FRVD 4 SOEIR Y AT DI O Z 7R LTz,

FEHEFRBEO RESIPIL BRI L TS AR S, ET/LVADTRI O SOFHA
R OFERITIFIEL CNDINCAZD, FERITELWIEARGESIL, KEREREREEZEL .,
B % 22 2RISR FRYERR I 695 TR 1O S D AR X B A BT o T,
ETILA & B DB

Impregum D45 d 1L 7 DDOEZEZLNDSRDEA LT TUMLEDN, 3 DTET /L A XVE
TV B AZBWTHEHEIIICD 72O RENZ DD T, LIDLERNRG, ZOZEDKESX16 pm

AN é< ﬁuuﬁEE"J ﬁifﬁb\kféz%ﬂé

E7 VA LB ORIDOIRHEHREREFLDRKESOZEIT APERNAX v — THOLNISRD BT,
HEZRLIZET IV A TOEAL T T MLE T2 I0E 110 735 150 um IZEHET L
B JV—BLTRED -7, & HENAT v — AT LD RRE S A7 4% Gk 38 5 BRSO i)
[REET VA DOXYRFI/2 M AR Z G OEHZETThoT,

WA THAX Y — A7 AZXH LT, BEREA T TUMLEIT inBos X5 IZOHAF KIS
T 13 7T OB ZONHMAEDEON 3 DOTET VA IVET VB TIOREEE
ThdHEDOoT-, ZOERORKEZIT Impregum LD RKEL, FAUINEREDOHIS N HAH TH
AXF = AT KT HY — 77— THRBELINDEENOD LR, ZHUIHEDL T,
ETVEOZETIL 32 pm KNS BIRIICH B TIEHHL1EE 2 ool
BEDIAZR & D ELER

Impregum (X925 =R TCAIFEHEFREE ST Wee 12X TOURINARE AT Y 352 03
ST, WX b DDA T T UMb D GRS O DR IR I Z I 570D D~ A4 —F
TNETANET VEDRO 4 SOEMREEEZ LT, R =—T /UIZx LT, ER T 16.2
+8.8 um SN, BUEDHFFEIZEB T, Impregum D AR IZET /L AIZBWT 1.9 + 10.3
pm 235 23.4 £ 9.5 pm TET /L B IV T 6.0£2.3um 2>5 35.549.2um DI ThH -7,

Papaspyridakos HlIZ =R TeiRZD P IAEI LI AWE B ELI-A T Lyiarya—e 7 ToRtk
/£@Eﬂ%z IZRLTENS 13 pm, AWVDETEDIRNAL T Lyiara—e 7 TOREREDHIG

WZXFLC 13 235 132 pm, 3Shape TRIOS FARERN AT v+ —ThD T UX/ILVEIRIZKIL T 8 72529
um TohHoTl-EiE L7, Vandeweghe & (L Lava COS, 3M True Definition, Cerec
Omnicam,3Shape TRIOS TZLZ 41, 1124251um, 35+12pm, 61123}1111 28+7pm O):Fi/]fﬁ?é%ﬁ
HLTc, L L, 2RO DI IEMEMEDFH R D720 D I7 IEimIZ B T D EAR R EZD T
BIEOWI R LB LI S D R ETIEZavy, LLAT _i&ﬁbé;htjﬂﬁ I E AR EJE%D
DHEIZDOWTORENRDOAF Y =7 | F &t DO G OWPE, 7 FNAA—Y OELQE
O, CMM OffE 288k L C&E T, BB 5235 L THEEBOA 7T MBI DRIk S v
2 DOMFRIIBZWAR Y TCOENROINIZT ANAT Y AL Tarha— LT AMNET
LTz, Dz, FEAXFY R T ADY—T A A i?ﬁﬂﬁiéht%ﬁﬂiﬂﬁﬁb e —HT.A
WHFEIIA L T TN T Ty RR— B~V TR T ITHR T 5 CMM 288k LTz, BT /L A ITKL
T, TRIOS @ d, 1% 36.3 + 28.6 pm N5 172.5 £ 74.2 pm IETHY, — 5. True Definition ™ dy
1 291.6 £ 79.8 ym 2°5 731.7 £ 62.3 pm OETH-7-, 7L B IZRL T, TRIOS @ dR I
40.2 £ 19.4 pm 75 148.0 £ 35.4 um OBE THY, True Definition @ d, 1% 160.9 £ 20.1 pm 75
620.2 + 63.2 um.DME TH-T=,

WMEREWES T EHA TSV FHIREEIRTHEDEE

R THAX Yy T — VAT AO8UWEY — /7 a— 3R OHIRELZ T ANb T,
Impregum EHFEHE THAF ¥ —I A7 AEOM O =R L7 FEERRBE A 31T 5 ) 2%
HETHIEICES T, TV TAR Yy = T ATy I DBAELD A O REXITEBILESND
b Ly, 70 A L B OFAERRREE -1 & P-T 13241, TEEZAE S ~xHAHR EiZ

5 - SCH - 1 BT DUV TR MR - e —UIEE U £,
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ﬁ( &R & A
HASINI=ZA L T T MO IEMEME 2 BT D7D T ST, — 5, FEUERREE I-N & P-W
X7 RT —F DN TE T DT DI oSz (3R8),

Table 8 3D Distance Distortion Attributable to Laboratory Scanning

Mean 3D distance distortion
Mean 3D distance distortion in dental laboratory scanner Mean 3D distance distortion
Reference distance in Impregum (pm) systems (pm) attributable to laboratory scanning (pm)
Diagonal
I-L (Model A) 22.0
Ceramill Map400 35.8 13.8
inEos X5 45.4 23.4
D300 -6.4 -28.4
P-T (Model B) 28.6
Ceramill Map400 50.2 21.6
inEos X5 57.3 28.7
D900 9.4 -19.2
Cross-arch
I-N (Model A) 20.1
Ceramill Map400 -4.8 -24.9
inEos X5 35.0 14.9
D200 -59.8 -79.9
P-W (Model B) 35.5
Ceramill Map400 28.8 -6.7
inEos X5 66.4 30.9
DS00 -22.2 -57.7

Ceramill Map400, inEos X5, D900 D ¥l fli H COH R THAS v —DAF v =0 7 27 v
MOEELHERDORESITI-L T 13.8 225-28.4 pm, P-T T 28.77>5-19.2 um, I-N T 14.9 7»
5 —79.9 um, P-W T 6.7 7>5>-57.7 pm DIE THHZENb I -77,

AWETEIIAR 2 72V IV DETAZHI R AT AR DS TWAZ LR R LT, LILZRRG, 2D
#% ORUWERT 71X AR DR O EHEMIZH =B > TUD, Tan HIX 5 DD/ NTL AL TT
UL O TR S~ A — A T AT, INT —TF DA T T U Ml E BT

LI EHAEAC LT, 5 DDIY A — (AT TN DR ERRZESNE 20.2 + 14.5
pm THHIENDINSTZ, b5 DDV A —DRRAIR A EZEALIE dOx T —0.098°  + 0.109°
THY, dOy T 0.020° =+ 0.097° THAHIENDOMN-T-, RNEIZH, FEELL - MNE 7%
T D72DICTNT —F OA LT T Mgk CAD/ CAM FEZ T4 DAF 7RI L R L TV
%, Ortorp HIFIV T T — LU — IR ED S ER L, S/ 7L — LT — 73T L0 B
WA MEE R EZ RIS T T, L LS, BRITEREDLEDT /=y 728> TG
RS, M RIFBTEOMRICEE MRS LI L iT%iﬁz’)wf:o W2 5017213 CAD/CAM #iifs
FHEDOE AT =V COERDORESEF M EMR T H-OIZIEYNLEND, b, BIKRFEE
7ol T3 &R R IEMSZ i/ NRICT D720~ AT AR BT TADERED /T
AEEBHIH LI,

LAY I T A A T TN AT DAL DY T N = 7 O B I3 I BT 5, B
BEENTHE AR YT — 2T LD 2 -5(Ceramill Map400 & inEos X5) I A—H—FEEDAF
YORT ADMHEMELL, —F T, &SN 2 OFENAX+J—(TRIOS & True Definition) &
— OO EHE THAF v 7 — (D900) ittt B D A% v AR T r— D A& "] aEE LT, fifh 5
DAX YR T 4 — D HEZFF AT HEHIR Y AT AFT7) =7 NE BT 208 Ly, L
LG, 2B IR RIS A B L%u‘mmtrﬁ\ AL D AR ¥ R T — B ER L
TVWDHIG Y AT AOFEHER ZIZ LD REVSICE B &SN, ZOLVEWEEICRHT25—>20D
HERNIE, BEHLE0S otxﬂ’rﬂvf74%m&¢5:kﬁ Bk 2 Ip A% v — Dt R IT T

5 - SCH - 1 BT DUV TR MR - e —UIEE U £,
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X #k 8 A
LEoT2ZEThD,

AT TURNEINIA LT TUNT TR ~DAX YR T 4O EIIMOE 2 5 b =T —E K
Thd, DEV AT TUREAF XY AR T A —D—HEIIFITAELERIZTEETLTHAD, &
DAY T T RA=TI—IZE D TOAF Y IR T A D EFESIVIR -T2 T20 . RKFZE TSN 3
DDAX YL RT 4 —ETNEZD IR W TIRIZE DI ZEx 5 Th -7, Stimmelmayr HIEAL 77
YRAFXX R T 4= DG OFBNECOWTEHMEIL 7223, 7 uba— VEERE S NIZ AT 7R
TA—HEbLOTT VDT VXA ERRE LT, ZOT XL T RICEA DT — 13T
FTUNEINTIAL T T NT T a T Ik T AAT Y IR T A DR 370l A I L > TALD TET- R
DEAE PRI T 200 LIV, JVFRFE DT EILAT v O IEFEED L CAFX v RT 1—
DG DRBOREEVLEET D,

AX ¥ U IRT A— DR E THEIRIN DML D RKEZITHONWTA— T —NEO IEMER R D20
T2, AT MFFRIZAF YU R T A DERIEAF YR T A DB T D RESD B AT
BT LD TN HHATINED 5 DDAXY L RT 4—ILHE—DA LTI TFa s T
ARENTo B AF Y RT 4—IL 5, 10, 15Nem DML DO REEE FH-EETHEESNZ, 6 5T
O—E U TINIIAX Y R T 4 — Dy T O OB EIN, —F T8 7 r—E 73T
I AR —F )LV H—(TRIOS, True Definition, inEos X5,D900)F7-iXa=h /L% —T AR
(Ceramill Map400)Z &8k H7OfEHEINTZ, FAXY LR T 4 —O L5 & Ol e o i
DEBRIT AR RTA—DELEERE L, AV R T 4—3TDH%, (X —FLa=
HNA =T 2 A REA LT TR T FaZ Oaa) LEHO CMM Bég% A GEIC T 57201 RES
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Fig 10 Mean coaxiality of scan bodies (um) by system, varia-
tion with torque magnitude. Error bars = SD.
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Fig 11 Deviation from nominal scan body height (um) by sys-
tem, variation with torque magnitude. Error bars = SD.
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